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Disclosed is an antibody construct with enhanced binding activity specific for an epitope on an antigen. The construct in- 
cludes an immunoglobulin binding region of predetermined specificity and having plural hypervariable regions homologous with 
a hypervariable region of a native antibody specific for the epitope. The construct further includes an immunoglobulin constant 
region consisting essentially of a CHI domain, a hinge, and a CH3 domain and omitting the CH2 domain normally present in a 
native antibody. The immunoglobulin constant region enhances the binding activity of the construct at least two fold in comparis- 
on with the binding activity of a native antibody having the same specifity. 
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ANTIBODY CONSTRUCTS WITH ENHANCED BINDING AFFINITY 

5 Background qf the Invention 

This invention relates to cancer imaging 
agents and cancer therapeutic agents, and more 
specifically, to the preparation of antibody 
10 constructs useful as imaging agents and/or cancer 
therapeutic agents. In particular, this invention 
relates to biosynthetic antibody constructs with 
enhanced antigen binding affinities and a short half 
life in vivo . 

15 

Systemic pharmacotherapy is a commonly used 
mode of therapy. Likewise is the administration of 
labelling agents such as radioisotopes for tumor or 
organ imaging. However, the administration of such 

20 drugs and radiolabels, by themselves, is risky in 
that the drugs usually are not target selective. 
Limiting the effects of chemotherapeutic drugs and 
radioisotopes used in the treatment of cancer are 
particularly difficult because these chemicals have 

25 the ability to interfere with the metabolic processes 
of most cells, especially those that are in a 
proliferative state. Therefore, the art frequently 
suggests coupling such drugs to an agent capable of 
targeting a particular tissue or cancerous cell 

3 0 type. 

Antibody molecules have been conjugated to 
various drugs, enzymes, toxins, and radioisotopes 
(reviewed in Ghose and Blair (1978) J. Natl. Cancer 
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inst. 11:657-676). For example, antibodies have been 
successfully employed to image occult tumors not 
detected by traditional detection methods such as 
magnetic resonance imaging, x-ray analysis, and 
5 computed tomography (ss& Goldenberg (1988) Arch. 
Pathol. Lab. Med. 112:580-587). 

However, a number of problems have been 
associated with the use of antibody molecules as 

10 targeting agents. Radiolabeled antibodies having a 
specificity for tumor antigen may show accretion 
rates of only 0.01% to 0.001% in the targeted tumor 
(Goldenberg, XhlSL.) . In addition, there may be a 
high level of nonspecific binding of the intact 

15 antibody despite its specificity for a particular 
tissue-associated antigen. Some of this nonspecific 
bindxng has been attributed to the adherence of the 
antibody via its Fc portion, rather than via its 
binding domain. Furthermore, intact antibodies have 

20 a slow clearance rate relative to smaller molecules 
such as fragments of antibody molecules. 

In an effort to alleviate these problems, 
the prior art suggests the use of antibody fragments 

25 which maintain their specificity and ability to bind 
antigen. Antibody fragments display more rapid 
specific targeting than intact antibodies. Wahl et 
al. (1983) J. Nuclear Med. 24:317-325). Currently, 
enzymatically produced F(ab') 2 fragments are most 

30 commonly used for such applications. These fragments 
lack the potentially troublesome Fc portion of the 
intact antibody molecule, and so demonstrate lower 
non-specific accumulation in the liver and spleen and 
a faster rate of clearance than intact antibodies. 
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For example, several days after the administration of 
radiolabeled, intact antibody IgG, the level of 
circulating and nonspecif ically bound radioactivity 
is high, and clearance occurs gradually over a period 
5 of four days or more (Goldenberg, ibid . 1 . in 

comparison, the use of antibody fragments without Fc 
domains permits tumor imaging within 24-48 hours, 
thereby permitting the use of radioisotopes with 
short half lives, such as 123 I and 99m Tc (Goldenberg, 4 ~ 
10 iMd.) . 

However, the use of F(ab') 2 fragments is not 
without pitfalls. Besides being difficult to produce 
enzymatically, the binding properties of these 
15 fragments may be compromised (£££, e.g. . Wahl et al., 
iMfi. Therefore, what is needed is a targeting 
molecule having specificity, enhanced binding 
activity, minimal nonspecific binding abilities, and 
a shorter half-life in vivo . 

20 

Towards this end, monoclonal antibodies with 
increased antigen binding activites have been 
identified which have mutations in their constant 
regions (see, e.g., Pollock et al. (1988) Proc. Natl. 

25 Acad. Sci. USA 2^:2298-2302) . In addition, the 
ability to genetically engineer and re-express 
antibodies in transfected cells has made it possible 
to combine various portions of the immunoglobulin 
molecule as fusion proteins (Neuberger et al. (1984) 

30 Nature 212:614; Morrison et al. (1987) Ann. N.Y. 

Acad. Sci. £02:187; and Morrison et al. (1988) Clin. 
Chem. 21:1668). It is also possible to genetically 
encode immunoglobulin deletion mutants such as Fab 
(Horwitz et al. (1988) Proc. Natl. Acad. Sci. U.S.A. 
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15:8687) or F(ab') 5 -i ike f ranma k 

- - agment , a t^ c / r: s ; he in ° ne stud - « 

heavy chain, was expressed in e , lmmu ^lobulin 
rigs*, o "Pressed m £^ s^U (Cabiliy et al 

(1984) Proc . Natl< Acad< Sc . ^3273-32771 t 

5 another studv «sn^4*- " /J 3277). i n 

the human L H h C ° nStant re9i0n d0mains of 

orde T t as S s C th a e ln e f r r : ^ M «« °' ***** i- 

<::::i s e e : ct ( :: 87 a rr ody synthesis and 

547:1873). ( 8?) Ann ' N - Y - A «d. Sci. 



10 



Accordingly, it is an object of <-ho „ 
invention to provide a „n>, Present 

^i.oviae antibodies whioh 
antigens, and would therefore recoan ^e tumor 

et0re t>e Useful fnr t-fc*. 

».,», and/or Wm „ 9 of tutors. It is a L 
» o»5ect of the present invention to P rov de ntin o 
constructs useful . Provide antibody 

therapy whic / I a ^V^" 9 a " a/ ° r 

that th.i r - «a"ced Fc receptor binding so 

ano o h r P ::r:r; h r b a r umui " ion in the 

»0 objects include the " *««"oo.l 

«Mch can o nd V ck ^^7 ° £ «•*»«. 

yuicKiy to tumor antigens anr? 

;:r 1°: r iboay ~ ts » 

Uves than mtact, whole antibody molecules. 
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Summary of the invention 

It has been discovered that antibody 
constructs retaining their CHI and CH3 domains, but 
5 lacking their CH2 domain, surprisingly have an 
enhanced binding affinity as well as a shorter 
half-life and an unexpectedly low level of 
non-specific binding relative to an intact antibody 
molecule with the same specificity. This finding has 
10 been exploited to develop the present invention which 
features antibody constructs having specificity for 
an epitope, present on various tumor antigens. 

Native antibody molecules of the IgG and IgD 

15 classes are composed of two heavy (H) and two light 
(L) chains which are held together by covalent 
(disulfide) bonds and non-covalent interactions. The 
variable (V) domains at the amino termini of the two 
chains together form the antigen binding region. The 

20 first constant (C) domain of the H chain (CHI) 

interacts with the C region of the L chain through 
hydrophobic interactions and also through a disulfide 
bond. The next H-chain domain, adjacent to the 
hinge, is called CH2. This domain reportedly 

25 contains many of the effector functions of the 
antibody including the sequences responsible for 
complement fixation and Fc receptor-mediated 
antibody-dependent cellular cytotoxicity (ADCC) , and 
is the sole N-linked glycosylation site in human C y l 

30 chains. The CH3 domain at the carboxy terminus of 
the H-chain is thought to play a major role in the 
assembly of H chains. 
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The antibody constructs of the present 
invention include a first portion having an 
immunoglobulin binding region of predetermined 
specxf.city. This binding region has plural 
5 hypervariable regions homologous with hypervariable 
regions of a native antibody specific for the same 
epitope. The antibody constructs further include a 
second portion consisting essentially of a CHI 
and a hinge whose C terminus is linked to the > 

maTVV d ° raain ' i ' e - 3 —ant 
domain which omits the CH2 domain normally present in 
a native antibody. Ant ibody constructs with the CH2 
domain deleted are referred to hereinafter 

is ZlTTl- * CH2 constructs are 

15 enhanced binding activity, at least twofold greater 
than the binding activity of an greater 

... y ctivity of an antibody construct 

with the same specificity but having an intact 
constant domain. Ct 

20 r . In ° ne Pref erred embodiment, the binding 

IZZ ' CH2 antib ° dy C ° nStrUCt incl ^s the 

binding region of a nonhuman immunoglobulin such as . 
-urine immunoglobulin, m one aspect of the 

25 whicTh 0 "' ilWnUn ° 9l0bul - ^-ding region is one 

Is he b" !. Predeterrained ^cificity for mucin such 
a the binding region of monoclonal antibody B72.3 
or has a predetermined specificity for the G D2 

«.lt. in another embodiment of the 
"I!? 0 ": *—»•»•>»"» ""din, region has . 

Predetermrned specificity for a melanoma-specific 

in" 7 ^ Pref " re,i altered —t-t region 

includes a human immunoglobulin constant domain 
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The antibody construct typically includes an 
immunoglobulin heavy chain disulf ide-linked to an 
immunoglobulin light chain. 

5 The antibody construct further may include a 

third portion bonded to the carboxy terminus of the 
the second portion comprising a tumoricidal protein. 
This third protein portion preferably is lymphotoxin, 
interleukin-2, epidermal growth factor (EGF) , active 

10 analogs thereof, or active fragments thereof. In a 
preferred embodiment of the invention, the third 
portion is peptide bonded via an endopeptidase- 
cleavable amino acid residue, such as lysine, to the 
carboxy terminus of the CH3 domain of the second 

15 region. Alternatively, the third portion may be 
linked to the second portion by chemical 
crosslinking, for example. 



20 



In yet another embodiment, for use as an 
imaging agent, the ACH2 antibody construct includes a 
radioactive label attached thereto. 
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Br^f DesrHpHon of i-ho nr r < B1 

The foregoing and other objects of the 
present invention, the various features thereof, as 
5 well as the inventions thereof may be more fully 
understood from the following description when read 
together with the accompanying drawings in which: 

,« t w FIG. 1 is a schematic representation showing 

10 the construction of a ACH2 deletion mutant form of 
the human Cyl gene: (A) is a map of the Hindlll to 
Pvull fragment containing the genomic Cyl gene 
segment and restriction sites; (B) is the ACH2 
deleted gene missing the Aflin to Avail fragment 

15 (the CH2 ezon) after restriction and ligation; ( C * 
shows the Smal site engineered in the CH3 gene; (D) 
is a map of a Smal to Pvull linker which is used to 
attach the (E) Pvull to Xhol fragment containing an 
IL2 gene; and (F) is is the remainder of the vector 

20 including an Xhol site and polyA region; 

FIG. 2 is a graphic representation of the 
antigen binding activity of various ACH2 chimeric 
constructs: (A) the ACH2 ch!4.18 antibody construct; 
25 (B) the ACH2 chimeric B72.3 (chB72.3) antibody 
construct; 



FIG. 3 is a graphic representation of the 
competitive antigen binding analyses of the intact 
30 chl4.12 antibody and the ACH2 chl4.18 antibody 

constructs after (A) 2 hours incubation at 37-C; and 
(B) 18 hours incubation at 4°C; 
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FIG. 4 is a graphic representation of the 
antibody-dependent cellular cytoxicity (ADCC) of 
intact antibodies and ACH2 antibody constructs; 

5 FIG. 5 is a graphic representation of the 

complement-dependent cytotoxicity (CDC) of intact 
antibodies and ACH2 antibody constructs; 

FIG. 6 is a graphic representation of the 
10 biodistribution of (A) intact chl4.18 antibody and 
(B) the chl4.18 ACH2 antibody contruct over time 
within athymic nude mice bearing M21 xenographic 
tumors; 

15 FIG - 7 is a graphic representation of the 

biodistribution of F(ab') 2 fragments and the ACH2 
antibody construct within nude mice bearing M21 
xenographic tumors; and 



20 



FIG. 8 is a graphic representation of the 
clearance of the ACH2 antibody construct, intact 
antibody, and F(ab') 2 fragments from the circulation 
of athymic nude mice bearing M21 xenographic tumor 



s , 



25 
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The present invention feature «. 
antibody constructs having specxficiL f 
5 tumor-associated or ofh 5 P e "ficity for a 

the ^ P op d e t r ie ° h o 6 ; 3ntl9en ' «* demonstrating 

activity, a : el ::;:: or a : ~ — 

relatively i ow level L half ~ llf ^ and a 

-CH2 const ruc ts " w n" 0 " 5 ^ 1 ^ bindi ^' Th... 
10 f r tumor iraagin "n 7 £ -«'■ 
treatment. systemic Pharmacotherapeutic 

construct binds t« . . • *' the 

«n £ c rtunately : s 0 : ~« ~ — tunor . 

human tumor cells do have t„ " However, 
«** «. Present in ^a^;;^ 

"elude alpha fetoprotein (AFP, al 
" antigen (CEA) . Antih~, "rcinoembryonic 
"ese or othe t ul r C °"" rU « s "oo 9 „i 2e 

30 The ACH2 constructs of rhe „ 

can be prepared by genetic Ln T inventi °" 

which encodes the varL ' ° ° f the ° NA 

cne various domains of an ^m, ^ 

Neuberger et al. (1984 ? Na " ^ 

Morrison et al ass?. * tUre ^ ;6 04; 

ai - (1987) Ann. N.Y . Acd . Sci> 
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Morrison et al. (1988) Clin. Chem. 24:1668; Horwitz 
et al. (1988) Proc. Natl. Acad. Sci . ££:8678). 

In order to reduce immunogenicity of the 
s ACH2 constructs in humans, the ACH2 constructs were 

designed to have a minimal amount of nonhuman 
, protein. This may be accomplished by creating 
chimeric antibody molecules having at least human 
constant regions and mammalian, e.g., mouse, variable 
10 regions. 

The production of recombinant chimeric 
antibodies with predetermined specificity has 
typically involved the use of cloned genomic DNA 

15 fragments. For example, the genomic DNA sequences 
encoding H and L chains can be cloned in their 
rearranged forms (i.e., in the DNA sequence that 
results from recombination events during B Cell 
maturation) . As such, these genomic sequences 

20 contain the information necessary for their 

expression, (i.e. the 5 f untranslated sequences, 
promoter, enhancer, protein coding region, and donor 
splice site). The donor splice signals at the 3' end 
of the V gene segments are compatible with the splice 

25 acceptor signals at the 5' end of the Ig regions of 
other species. That is, the splice product between 
the two maintains the correct reading frame. For 
example, when a murine V and a human C^ segment are 
joined and transfected into the appropriate host cell 

30 type, the primary transcript is correctly spliced and 
results in a mature messenger RNA (mRNA) molecule 
with an open reading frame through both the V and C 
regions . 
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aCH2 , t Preferred meth ° a » f Producing the chimeric 
40,12 Evolves the preparation of an 

inmrnnoglobulin constant region-encoding cassette 
rncluorn, a DNA seguence which enables the spHcin, 
5 of th, immunoglobulin constant region-encoding 

egment having a compatible splice sequence, 
thereby alloMing subseguent transcripfcion g and 

translation of an immunoglobulin heavy or light 

J p " S6rial nUmber 409 < 8 « entitiled "Method 

ro ucmg Fusion Proteins . ( fU- September * 

1989, herein incorporated as reference. 

15 Briefly, a DNA cassette is prepared by 

reconstructing the 3- or,* 7 

«o» encodin, a variable (v, region. The cassette is 
tranafected with express.ble DNA (struct r " 

splrce acceptor site at its 5' end. 

exoress- DUrin9 ** QU " e * ° f eVMts le ^ing up to 

25 orote Y° transfe «^ oell of the fusion 

spaced to proauce a mature mRNA having a 5 ■ ena 
encoding a complete V or v „„„ 

human c or c d~ • " 6 " d en =oai„, a 

Polypeptide is , 7 Si " 9le chal " 

30 consTan ! ° f V re9ion a "o the 

oonstant domain encoded by the ,, m „, .... _ 

: ene In addition, a t^TU^ ^ 

e sp m :ice b : : pucea to an 19 c "*« *» 

turn is spliced to an iraunoglobulin V region. 
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resulting in a "magic bullet- -type pharmacotherapeutic 
agent . 

The cDNA encodes a H or L chain V region 
5 (most likely non-human, e.g., murine) specific for a 
tumor antigen while the C region exon(s) encode the H 
or L chain C region (CHI, CH2 , and CH3 domains) of 
another (most likely human) ig species. Useful V 
regions include the V H and V L domains of murine 

10 monoclonal antibody 14.18 (Mujoo et al. (1987) Cancer 
Res. 42: 1098-1104) which recognizes the 
disialoganglioside G D2 on the surface of many 
neuroblastoma, melanoma, glioma, and small lung 
carcinoma lines and tissues. Other useful V regions 

15 include the V H and V L domains of murine monoclonal 
antibody B72.3 (Johnson et al. (1986) Cancer Res. 
16.: 850) which recognize a mucin-like structure on 
many breast and colon carcinomas. These V region can 
be combined with various C regions such as that of 

20 the Ig human gamma (H) and kappa (L) chains. 

Alternatively, the V region may be of human origin. 
Expression of H and L constructs in a single 
competent host cell results in production of intact 
chimeric immunoglobulins having a desired specificity 

25 and, for example, an intact human constant region. 

To produce the ACH2 construct, a V region 
cassette is constructed and placed in an appropriate 
vector, together with a C region-encoding DNA 
30 sequence. This C region specifically lacks the CH2 
domain and is designed as shown in FIG. 1. FIG. 1A 
shows a map of the Hindlll to PvuII fragment 
containing the human genomic Cyl gene segment. FIG. 
IB shows the DNA encoding the C region of the ACH2 
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construct after restriction ana Hgation o£ ^ 
expressing the vectors linn- _ 

two DNAs th. k ! co-expression of the 

two DNAs. the host cell nuclear ensymes produce mPNA 
by implementing the normal splicino ev.nf, 7 

10 « -» . pro::::; „ nt ; e r ::: r:r 
o Ta ; Mndin5 protein - the -» " 

the „ L " d0main ' " Ueh «>• "e identical to 

« e r: 0 se,u :r up to the vc 
» :;:r tiae such - at iaaat a 

examol.' te51ra a °™in. which for 

example may comprise human sequences. The half 

downs* T SPMCe SUe <and nucleotides 
downs earn, and the half of the acceptor splice 

- o ert::: 16 " 13 " UP " rea "' « ~ » « 
fused rotein " "™* e " CMin9 tha 



vector under I e *° nS ^ « th ° — 

vector under control of a single regulating 

ndT?- A1S0 ' " P ~""" '° both L 

int cTfus C L nStrUCtS "° h ° St "» 

a host can h Pr0tei "- " eth0S re ' uir « — of 

^ spuce srgnals and effect proper splicing. 

selection^" 0 " 1 " Ve " 0r COMt ™"°». host cell 
do not ttanS£ ° m " it ">' — ™thods of expression 
ao not. per se. constitute an aspect of the 
invention, but can he selected and implemented by 
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skilled workers based on personal preference and 
convenience. Techniques adaptable for use in the 
invention are disclosed, for example, in Current 
Protocols in Molecular Biology (Greene Publishing 
5 Associates, 430 Fourth Street, Brooklyn, N.Y. , 
1989). Useful vectors include any number of known 
plasmids which contain the correct signals for 
transcription and translation of the genes of 
interest. Enhancer elements may be present, and 

10 additional signals for polyadenylation and splicing 
must be present in cases where they are not provided 
by the gene itself. For example, all of the signals 
for the expression of functionally rearranged Ig 
genes are present on a continuous stretch of DNA and 

15 include the transcription promoter, the splicing 

signals for excision of the intron sequences and the 
polyadenylation and termination sites. Additional 
information that must be provided by the vector is a 
selectable marker gene. This gene must also contain 

20 the signals for expression of the selectable 

phenotype (usually resistance to the lethal effect of 
a toxic drug such as methotrexate, for example). 
Therefore, if the vector encodes both the first and 
second polypeptides, it is necessary that it provide 

25 the sequence information for three separate 

transcription units in a limited amount of space. 

The recombinant cassette-containing vector 
is transfected into an appropriate host cell. The 
30 choice of host cell line, in addition to the 

criterion noted above, is based on its ability to 
grow in a growth media, preferably one that is 
commercially available and serum-free as well as its 
ease of selectivity after transformation. For the 
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^^^^ 

r com „ ercial sour : e : :;r: z^ ies r 

availabiut" " e,UiMent a " d the 

««erent Le ITT ^ "** 

type. e s P e cific cell 

harboring the r». v.- *-'«752). Bacteria 

rusea to tL i»l ° f lnt «»" «e 

cne iymphoid cells with - 

«nera lly „. m po ly eth yle „e y 0 * ' 
isotonic solution yiycoa an a buffered, 

25 not retire e«e„ si meth ° a " SimPU »* 

in , M m , " ; s : h p r ation o£ piasreid ■»*• 

b. obtainea « "t Tti "T 7"°" fl ~*« «■ 

Proauctive transucua «i ° c r io ° btainin9 
3o transaction ^ » ~ 

30 transplants containing .auUiple copies 

»ith the ZllTl " e SUCCe " fu11 ^ transfomea 

"Men a e no 2 " iS ° latea £r ™ 

not. Many methods are avaiUble 
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selection of transfected cells. For example, the 
guanine phosphoribosyl transferase (gpt) and neomycin 
(neo) resistance markers may be used for selection 
purposes in lymphoid cells. The gene encoding the 
5 marker would be included on the V-region encoding 
vector. The resistant form of dihydrof olate 
reductase (DHFR) can also be used for the selection 
of hybridoma cell transf ormants as well as for 
subsequent amplification of the marker and flanking 
10 product genes. 

The transfected cell is then cultured to 
express the polypeptide encoded by the cassette. 
Culturing may be in vitro , or in the case of 
15 recombinant antibodies, may be accomplished by 

employing other strategies such as in vivo culturing 
in ascites fluid. 

The CH2 domain of the human Cyl heavy chain 
20 which is deleted from the intact antibody molecule 
includes the following sequences: the sequence 
conferring long half-life; the. sequence responsible 
for binding the Fc receptor on effector cells; the 
sequence to which the single N-linked carbohydrate 
25 chain is attached; and the sequence to which the 
first complement component, Clq, binds. 

To determine to what extent these sequences 
are necessary for various antibody functions, the 
30 ACH2 constructs were examined closely. When the 

supernatants of cells expressing the intact and ACH2 
antibodies were first quantitated by measuring 
associated human ie chain to normalize the data to the 
number of antigen binding domains (antibody molecules 



WO 91/13166 



-18- 



PCT/US91/00633 



contain one k light chain per antigen binding site), 
and then compared i„ . direct antigen fa . 
the ACH2 constructs demonstrated much higher 
activity, as shown in FIG. 2. The chl4.18 ACH2 

ZT* c i:r assayed on Go2 - coated piate - whiie 

CM72.3 ACH2 construct was assayed on mucin-coated 



The antigen binding activity of the ACH2 

format an order to rule out the possibility of 
non-specific interactions with the EL ISA plates As 

» FIG. 3. the chU.U 4C H2 construct competes 
much more efficiently with the labeled intact chl4 18 
15 anybody for anti 9 en than the normal antibody 

ZT<: TT "r 1£ - When the Un ° th of 

(FIG B> h , 2 h ° UrS <F1G - 3A> * 18 *•«« 

(FIG. 3B>. the difference in binding is not as 

20 and m not C t„ SU99eStin9 ^ ° £ «**». 

and not the overall affinity is increased by the 

removal of the CH2 domain. 

It is hypothesized that the increased 
antigen bindinq of ach? anr-,K«j 

M ng ° £ * CH2 antibody constructs reflects 

25 conformational changes in the antibody molecule By 
removing the CH2 domain, the Fab region (including 
both V region, C L and CHI sequences) is no longer 
restricted by interactions with portions of the CH2 
domain. Removal of these inter-domain interactions 
30 appears to increase the rate of association wUh 
antigen. m addition, the removal of the 
carbohydrate moiety of the CH2 domain may reduce 
steric interactions between the antibody and the 
antigen. 
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That the effector functions attributed to 
the CH2 domain are no longer retained in the ACH2 
antibody can be confirmed by ADCC assay using the 
intact chl4.18 antibody as a basis for comparison. 
5 The results of a typical ADCC assay, which measures 
the ability of unf ractionated peripheral blood 
leukocytes (PBLS) to lyse melanoma target cells as a 
function of the amount of added antibody, are shown 
in FIG. 4. Here, the specific lysis of M21 human 

10 melanoma cells in the presence of the indicated 

concentrations of chl4.18 antibody or ACH2 construct 
is shown for an effector to target ratio of 100:1. 
The average of triplicate samples is shown for each 
data point. The intact chl4.18 antibody is a very 

15 potent mediator of ADCC, even at levels as low as 1 
ng/ml. Surprisingly, the ACH2 construct exhibits a 
very small amount of ADCC activity. 

The loss of ADCC activity also reflects a 
20 loss of the ability to bind to Fc receptors. Since 
the site for binding of the high-affinity receptor 
(FCR) has been mapped to the CH2 domain, adjacent to 
the hinge, it is not surprising that the ACH2 mutant 
had greatly reduced activity. For the radioactive 
25 imaging of tumors, it is important that Fc receptor 
binding be reduced so that there is minimal 
nonspecific accumulation in the spleen, where many 
Fc-receptor-bearing cells localize. The ACH2 
construct here described is therefore useful in this 
30 regard. 



As expected, the ACH2 construct also was 
found to have a reduced ability to mediate the 
complement lysis of melanoma target cells. FIG. 5 
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5 abilitv , Anti " tUm ° r * CH2 antibodies, having the 

of therapeutic agents. For elli! deUVery 
KO-ifE. «.». « example, as shown in fig 

» i- ,i r,*, sequ T encodin9 huM - 

ter„in„s o£ n " te ""«*- '0 the caroosy 

-uUin, L th «; r Z r 4C " 2 COn " rU «' 

y tne expression of a ACH2/tt <> * • 

Protein that serves to deliver zlTZ h " 
site. The In,.., 0 the rumor 

1= T-c.il. et the I aCCUmUl " i0 " ° £ motivates 

destruction Alt h " teni "' 
antihoa es is she T half " li£e ° f 1C " 

^e haU-Ur. or "T" ShOUM ^ TOeh l ° n '« «» 

20 

l^Phctoxin crtuL'r' 1 ^ 16 ' «"-*-» Cosine 
. he fused to the cal* ! 5 ^ " ^ « ' 

This fusion prote r u 0 " lnUS " ' ° CH2 »«^- 
M localise this cvtote *° "^"""r 

U " AS C ytOtOXlC PrOteiTI i 

reducing its potential J thUS 
Likewise, other tol Sy " emiC e££ects ' 

antihodi s ; he ir: teins couid be ^ >° «» 

ricin. diphtheria \o Pr0,:ein t ° : ' i ' ,S SUc! > ■« 

30 those portions o L I - t " 1 " " 

responsihle f r tor el:" t0Ii " MleCUle th " » 

ensya,e activity that , * ""^^"inc, 

— h- =e:re^tr £ ::to? 2 : n,ctivatio " - 
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The specificity and half-life of various 
antibody constructs in vivo can be characterized by 
performing biodistribution studies. Intact, ACH2 , or 
F(ab')2 are injected into M21 xenographic tumor- 
5 bearing animals, and the amount of construct in 
various body organs and tissues are monitored over 
time or at a particular time, FIG. 6 and TABLE 1 
show the biodistribution of (A) intact chl4.18 
antibody and (B) a ACH2 construct with time, and 
10 demonstrates that the latter targets quickly (within 
4 hours) and specifically to the tumor. 

TABLE 1 



15 



Antibody 
(A) chl4.18 



20 (B) ACH2 



Time 

Sample 4 hr t 24 hr. 96 hr. 

tumor/blood 0.18 0.56 1.08 

liver/blood 0.79 2.02 4.55 

tumor/blood 0.86 2.20 1.19 

liver/blood 2.98 7.37 2.28 



FIG. 7 shows the biodistribution of human Ig 
F(ab*)2 fragments and chl4.18 ACH2 constructs 24 
hours after injection, and demonstrates the 
specificity of targeting of the ACH2 constructs. 

30 

The half-life of the ACH2 antibody 
constructs in circulation may be determined by 
injecting them into the circulation of tumor-bearing 
animals and monitoring their presence in the blood 
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atruct s relative to Ff*h»\ * 
intact antibodies in th- • Y 2 fragments an <* 

„ 21 « n :; t :; h : c he t i r :::" io » of nuae — 

5 

tissues, thev e=„ k binding to other 

10 thermic aol? ! '° 

tbet.pi; : :: : ° **.«i«.r ... f ,a 

-ditect tjss. ^rr-r 1 " 9 ai ~ ct - 

lyaphotoxin. or epidermal g ^ t -terleu ti „- 2 , 
example, EOF is » factor. For 

» « -twates 1 : s 0 Ltrrt that &inas <° 

the T ceil ana EGF receotj h """-Unking 

"osynthetic . M * Tol' ' "~ 
tumoricidal activitv .i„„ Protean* having 

ma F be =be„icau/^ ^^^0 ^ '"^ 
20 example, various cross li„v. Via ' for 

»t. or, ,s disciose h e - nS rc r e " tS knOW " '* "« 
to the carhoxy t^J^^^.'T"^-' 
examnio + u H3 d °mam. For 

u; t Tl^ZL co " structea to «» 

25 protein. ""^ the tumoricida! 



construct ra : o9 e nC h r :r ea t r nain9 aCtlVity ° £ "» «» 

an a i r r e :: h 0 r: shorter haif - ufe - 

30 this molecule extremT "^Pecitic binding make 

may be labeled with ... tumors. The constructs 
low energy such ^ ^"T " ai0 °" Clia " « 

technetium-^. or " '.' ' U1 ' " 

"ith any radioactive isotopes that 
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will not change the binding characteristics of the 
construct when attached thereto, such as iodine-125. 
When labelled with a suitable radioisotope the ACH2 
antibody constructs enable detection of the locus of 
5 a tumor-related antigen by external detection of 
emitted radiation. Radioactive gamma emitters are 
preferred, although in some circumstances positron 
emitters, such as 6<Cu, H C , and "o may be used. It 
is also contemplated that the ACH2 antibody 
10 constructs may be labelled with a paramagnetic 

substance such as gadolinium so that concentrations 
of the reagent localized about a tumor may be imaged 
by nuclear magnetic resonance imaging techniques. 

15 Targeting of a construct with a tumoricidal 

agent and/or radionuclide may require a higher 
concentration of construct having a longer half-life 
than does imaging. The level of radioactivity 
required for imaging depends in part on the ability 

20 of the antibody construct to selectively label tumor 
relative to surrounding tissue, the size of the 
tumor, and the distance of the tumor from the 
injection site. 

25 Th ® ACH2 antibody constructs of the 

invention can be labelled with such agents using 
conventional techniques used to label other proteins 
known to those skilled in the art. One currently 
preferred technique is to express a ACH2 antibody 

30 construct, covalently linked on either its 3' or 5' 
end to a lysine rich polypeptide sequence comprising, 
for example, 2-20 residues, to serve as a site of 
attachment for the remotely detectable moieties 



WO 91/13166 

PCT/US91/00633 

-24- 



discussed above. The gamma or positron emitting ions 
are preferably attached to these linkers by ionic 
interaction or chelation with the free amine groups 
on the lysine residues. 

5 

acid ,rvrJr eXamPle ' dieth r len etriamine Penta acetic 
a C1 d (DTPA) may be used to label with Tc-99 or 

In-Ill. m or I isotopes may be attached using the 
ozxne salt (8-hydrozy guinoline) . lodogen (1, 3 4 
10 6 tetrachloro - 3a, 6a diphenylglucoluril - Pierce ' 
Chem.jo Roskville, ill) may be used for 
ith i. (SS£/ , <g## ThaRur efc ai> Thromb 

: (1976); McFarlane, J. Clin. Invest. 42:346 
(1963); Knight et al., Radiopharmaceuticals, N y 
15 Soc. of Nuclear Medicine, 1975, pp. 149; and Harwig 
et al., mt. J. A ppl. Radiat. Isot. 27:5, 1976 ) 
Other methods are known to those skilled in the art. 

In view of th e foregoing, it will be 
20 apparent that other types of known reagents can be 
Unked using conventional techniques to ACH2 antibody 

~ : h' 5 E " mPleS thera ^tic drugs which 

Promote healings such as calcitonin, epidermal growth 

25 llT , 9r ° Mth faCt ° r 3lPha and beta < Pl-t.l.t 

25 derived growth factor, insulin-like growth factor 1 

(Somatomedin-C), connective tissue activating 

Peptide, and human collagenase inhibitor. 

, nfh , . ThS d ° Sage and mean * of administration of 
30 the family of ACH2 antibody contructs produced in 

accordance with the invention will necessarily depend 
on he nature of the drug involved, the degree if any 
that its bxoactivity is reduced when it is present as 
a conjugate, the immunological tolerance of specific 
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patients, and the nature of the diseased condition in 
question. When the polypeptide is linked to an 
imaging agent, it should be administered in an amount 
sufficient to be detected by scintillation scanning 
5 or other external radiation detection means capable 
of detecting the localized radiation present in the 
tumor, such as autoradiography, in general, about 
5-20 microcuries should be administered; most 
preferably about 10 microcuries. The actual amount 
10 depends on the location of the tumor-associated 
antigen as is well known in the art. Additional 
radioactive peptide may be injected if necessary up 
to the amounts limited by prevalent standards of 
safety. 



15 



20 



25 



Tumors may be imaged or treated by systemic 
administration of the ACH2 construct via intravenous 
injection. Their preferred dosage is in the range of 
from about 0.01 to 10 mg per kg body weight. 

The invention will be further understood 
from the following, non-limiting examples. 

EXAMPLES 

1. Plasmid Construction 



The human Cyl gene, subcloned in pBR322 as a 
Hindlll to PvuII fragment (Gillies et al. (1989) J. 
30 Immuno. Meth. 121:191-202) was used for the 

construction of the H chain mutants. The deletion 
mutant lacking the CH2 domain (ACH2 ) was made by 
joining the Hindlll to Afllll fragment (containing 
the CHI and hinge exons) to an Avail to PvuII 
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fragment (containing the m v 

double-strands n1 ° n> USing a synthetic 

con^ \ tranded ol ^°nucleotide fragment. The ACH2 

3 vector P^^r.^reVa/^T "t^^ 
•1. (1987) cancer Res. 12:1908). 

« by first L^;cing f rs::r n : truct was const — 

carboy terminus t e Ich, ^ * ^ 
KC) Tho t • human IgG1 9ene (FIG 

1(C). T ^ mutation changes nucleotide 2373 
(according to the n >, m h«' 

/ 198fi , M \ numbermg in the Huck et al 

(1986) Nucl. Acids. Res. 14:1779-1780, f 
15 C in the wobble position o7 I " 8 T t0 3 

does not chance th! C ° d ° n and thu * 

cnange the ammo acid sections 

DNA fragment was used to link J synthetic 

sequence to this sir V m3tUre IL2 protei * 

this Smal site (FIG. ID-IE) T h« 

sequence includes, from 5 • to 3 • th« I r 
20 remaining sequence of ► „ ' 31 Site ' the 

additional amino led s i T ' WM ^ 

amino acid (alanine dir6Ctly t0 the 

Q Ulanme) of the mature it •> 
sequence »^ ure IL2 Protein 

- vl:;: ^nr er r r e~ ° £ - - 

M "as then Joined at the L •! 

c oai » g !85leiC! : r , :'L" a tt throu9h 

=f the transition,! stop TZ,1 ~ £ ""^ 3 ' 
the joined DNA was lifted ti l I ° £ 
»• -transited te 9 io « X" m 0 "'''"'"' ^ 
30 mouse . constant re,ion (FIG ' ° £ the 

construct encodes a aCH2 L """log 
« U attached " 
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Transfection and drug selection were carried 
out essentially as described in Gillies et al. 
(Bio/Technol. (1989) 7:799-804), herein incorporated 
as reference. Briefly, the non-Ig-producing murine 
5 hybridoma line, Sp2/0 Agl4, was maintained in 

Dulbecco^s modified Eagle's medium (DMEM) containing 
10% fetal bovine serum* Plasmids were introduced 
into cells by protoplast fusion essentially as 
described in Gillies et al., (1983) Cell 12: 

10 717-728). Transfectants were selected in growth 
medium containing methotrexate at an initial 
concentration of 0.1 yM. MTX-resistant clones were 
tested for the secretion of human antibody by EL ISA 
assay. Microtiter plates were coated with goat 

15 anti-human IgG (H and L specific-Jackson 

Laboratories) and incubated with conditioned medium 
from transfected cells. Goat anti-human IgG 
(Fc-specif ic-Jackson Laboratories), conjugated to 
horseradish peroxidase, was used for detection of 

20 human antibody. The clones that produced the 

greatest amount of antibody were cultured in medium 
containing increasing concentrations of MTX (from 0.1 
yM to 1 and after adaptation, to 5 yM and finally 
10 MTX) . After a few passages in 10 pM MTX, cells 

25 were subcloned by limiting dilution. 

3. Purification of Proteins 

The chl4.18 intact antibodies were purified 
30 by binding to and elution from protein A Sepharose 
(Repligen). The ACH2 mutant antibody was purified by 
immunoaf f inity chromatography on an anti-human k 
monoclonal antibody-Sepharose column. Both proteins 
were >90% pure when analyzed by SDS-PAGE or HPLC. 
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Antigen Binding Assays 



co m petitive r Mn d anti9en Mndin9 M Wel1 

5 disia^ , re 355 ":-"" 6 '-ith the 

yauyiiosiae Geo antigen (14 ip „ . 

submaxiu.ry gland mucin (Sigma) (872 \ ^ " 
coated microliter „i * antibody)- 

- <-°. ,. p Tin sn ta ouu " et 

iZ t POll,clo " al <">«*«™ (Jackson 
ImmunoResearch), l aDeled uith „ 

(HSP). Briefly ther 

Mocked with „ 'I""" "" 
9oat serum i n PBS ^ ™ <BSA> ^ " 

15 antibodies were • ""labelled goat 

=> were diluted in assay buffer (u B c, ,. 
9oat serum i„ PBS) a „ d 25 " 

After inculbation at 37-c or \ 5 ho " e11 ' 
HRP-coniugated u.U chimeric nt body ""3 " 
added to each well p 1a „ nci &ody (6.3 ng) was 

» incuhated ovej i ^ ^ « 

PBS, and developed w th 0 »ZT With 
substrate. °-phenylenedi amine (OPD) 



25 



5. Cytotoxicity Assays 



" concentrations of h 1" f "ec fceUs' Z"?" 
«ood leukocytes from norm done " 'J^T"* 
"iied with 100 rt of diluted • * " ere 

-nd-bottom ^^T^ 1 ^ * 
-ubation at 3,-c, the plates were censed and 
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100 uL samples were removed for counting in a LKB 
model 1272 gamma counter. 

Complement-mediated lysis of labeled M21 
5 melanoma cells was carried out by mixing 50 U L of 
cells (2 x 105 cells/mL) with an equal volume of each 
antibody dilution. After a 15 min incubation at 
37°C, 100 uL of human complement (1:4 dilution of 
fresh human serum) was added to each well. Plates 
10 were incubated for an additional hour at 37»c, and 
the amount of released "Cr was determined by' 
centrifuging the plates and counting 100 V L aliguots 
of the supernatants. The percentage of cytotoxicity 
was determined as: 



15 



Experimental cpm - Spontaneous cpm 

~ . , — X 100 

Total cpm - Spontaneous cpm 



20 6. Biodistribution and Blood Clearance Studi 



es 



8 to 10 weeks old female athymic mice 
(nu/nu) (the National Cancer Institute, Bethesda, MD) 
were injected subcutaneously with 2 x 10 6 M21 tumor 
25 cells. Tumors of 50-150 mg weight grew within 10 
days. At this time, the animals received i.v. 
injections into the lateral tail vein of 25 ug and 
3-4 uCi ^s z _ labele6 antibodyi At designated time 

points after injection, groups of 3 animals were 
30 anesthetized with halothane, and blood samples were 
obtained by retro-orbital bleeding. For 
biodistribution of radiolabeled antibodies, groups of 
3 animals were sacrificed at various time points 
after injection. Tumors and major organs (heart, 



WO 91/13166 



-30- 



PCT/US91/00633 



skin, muscle, bone, lung, liver, spleen, thyroid, 
kidney, and intestine) were removed and weighed. All 
tissue samples were assayed in a gamma counter for 
I activity. The results were calculated as 
5 percent of injected dose per g tissue and as 
localization ratios (cpm/g tumor : cpm/g tissue) . 

7. Radioactive Labeling 

10 of h T 14 " 18 ' Chl4 ' 18 - ACH2 < «* F(ab') 2 fragments 
of human l gG were labeled with ia5 L . Bri 50Q 

^7 incubated for 25 min on ice 

I (100 mCx or 3.75 GBg/ml, Amersham Corp. 
Arlington Heights, IL) in polystyrene tubes coated 
15 wxth 100 pg xodo-cen reagent (Pierce Chemical Co 
•oekford. IL). Unincorporated i** was removed by' 
gel filtration on PD10 columns (Pharmacia Fine 
Chemicals, Piscataway. NJ) . Specific activity was 
typically 1.5 - 0.5 nCI/ng antibody. 

20 

The invention may be embodied in other 
specific forms without departing from the spirit or 
essential characteristics thereof. The present 
embodxments are therefore considered to be in all 

25 respects as illustrative and not restrictive, the 
scope of the invention being indicated by the 
appended claims rather than by the foregoing 
description, and all changes which come within the 
meaning and range of eguivalency of the claims are 

30 therefore intended to be embraced therein. 

What is claimed is: 
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1- An antibody construct specific for an 

epitope on an antigen, said construct comprising: 

(a) an immunoglobulin binding region of 
5 predetermined specificity comprising 

hypervariable regions homologous with a 
hypervariable region of a native antibody 
specific for said epitope; and 

10 (b) an immunoglobulin constant region 

consisting essentially of a CHI domain, a 
hinge, and a CH3 domain and omitting the CH2 
domain normally present in a native antibody, 

15 said constant region enhancing the binding 

acitivity of said antibody construct at least two 
fold in comparison with the binding activity of said 
native antibody. 

20 2 - The construct of claim 1 wherein said 

binding region comprises a binding region of a 
nonhuman immunoglobulin molecule. 

3 - The construct of claim 2 wherein said 

25 binding region comprises a binding region of a murine 
immunoglobulin molecule, 

4. The construct of claim 1 wherein said 
binding region has a specificity for mucin. 

30 

5. The construct of claim 1 wherein said 
binding region has a specificity for G D 2 ganglioside. 
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«• The construct of claim 1 wherein said 

binding region has a specificity for a 
melanoma-specific proteoglycan. 

5 L . * ^ C ° nStruct of clai * 1 wherein said 

co:;:::: L e :;L n . comprises a human ~« 

8 - The construct of claim 1 comprising an 

10 immunoglobulin heavy chain disulfide- inked to an 
immunoglobulin light chain. 

attached ToM^T °' ^ 1 fttrth " prising, 
attached to the carbozy terminus of said constant 

15 region, a protein having tumoricidal activity 

10 • The construct of claim q ■ 

. ciaim 3 wherein said 

cieavable ammo acid seonpnr a v~ 
20 of said CH3 domain. "'^ terminus 

sa'id or^ 1 " 6 antib ° dy C ° nStruct of claim 10 wherein 

to L c " 18 b ° nded Via a iT-in. residue 

to the carboy terminus of said CH3 domain. 

12. The construct of claim 9 wherein said 
Protein comprises a tumoricidal protein selected from 

her e 9 : UP a T SiStin9 " l "*»>«°*». -tive analog 
thereof, and active fragments thereof. 

13. The construct of claim 9 wherein said 
Protein comprises a tumoricidal protein selected from 

her oT P an C d 0nSi : tin9 " "tive «.£ 

thereof, and active fragments thereof. 



25 



30 
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14. The antibody construct of claim 9 wherein 
said protein comprises a tumoricidal protein selected 
from the group consisting of epidermal growth factor, 
tumor necrosis factor, ricin, diptheria toxin, 

5 Pguedopippfi exotoxin, active analogs thereof, and 
active fragments thereof. 

15. The construct of claim 1 further comprising 
a radioactive label. 
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